An agar-degrading Pseudoalteromonas sp. AG52 bacterial strain was identified from the red seaweed Gelidium amansii collected from Jeju Island, Korea. A -agarase gene which has 96.8% nucleotide identity to Aeromonas -agarase was cloned from this strain, and was designated as agaA. The coding region is Since, Pseudoalteromonas sp. AG52 encodes an agaA gene, which has greater identity to Aeromonasagarase, the enzyme could be considered as novel, with its unique bio chemical characteristics. Altogether, the purified rAgaA has potential for use in industrial applications such as development of cosmetics and pharmaceuticals.
INTRODUCTION
The main component of the cell wall of marine red algae (Rhodophyceaea) is agar, and it is composed of agarose (4) and agaropectin (12) . Agarases are the hydrolytic enzymes mostly found in marine habitats (5, 39) , which are responsible for the breakdown of agar and agar-derived compounds, and result in oligosaccharides that have various bioactivities (9, 25) . Based on the pattern of hydrolysis of the substrates, agarases are grouped into -agarases and -agarases (3, 19) . To date, most 877 Oh, C. et al.
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of the agarolytic enzymes isolated, purified and characterized have been from microorganisms, with the majority of the genera being marine bacteria. Among these known agarases, most belong to the -agarase group and few biochemical studies have been reported for -agarases (39, 44) . Severalagarases have been purified and characterized from species including Pseudoalteromonas (43, 48) , Pseudomonas (16, 17, 33) , Alteromonas (19, 24, 29, 39, 49) , Agarivorans (15, 20) ,
Vibrio (2, 6, 14, 45) , Cytophage (11, 47) , Bacillus (46) and Saccharophagus (13) . Cloning and expression of -agarase encoding genes has been reported from Pseudoalteromonas (30) , Pseudomonas (17, 27, 41) , Agarivorans (28, 34) ,
Microbulbifer (35) (36) (37) , Vibrio (45, 50) , Zobellia (22) and
Our laboratory is currently conducting research on the characterization of a number of -agarases and the biochemical properties of recombinant proteins, from various bacterial species isolated from the marine environment. In this study, Pseudoalteromonas sp. AG52 was isolated from the Jeju Island coastal environment, from which a -agarase gene was subsequently isolated and designated as agaA. We cloned the gene, overexpressed the protein in Escherichia coli (E. coli) and purified the recombinant -agarase (rAgaA) from Pseudoalteromonas sp. AG52. In addition, purified rAgaA was analyzed for biochemical properties such as specific activities and optimum reaction conditions. Until recently, the Pseudoalteromonas sp. -agarase was an unknown entity.
Herein we examine and describe in depth this enzyme, which upon analysis showed greater identity to Aeromonas -agarase.
The characterization of this novel enzyme could be beneficial to a variety of industries.
MATERIALS AND METHODS

Isolation of agarase-producing bacteria strain
Agarolytic bacteria were isolated from the red seaweed,
Gelidium amansii from the south coast of Jeju Island, Republic 
Identification of rAgaA hydrolyzed agar products
Thin layer chromatography (TLC) was used to identify the hydrolysis products of agar and neoagarooligosaccharides. After hydrolysis of substrates, the resultant oligosaccharide spots were visualized by spraying 10% H 2 SO 4 on the plate, then heating it on a hot plate.
Nucleotide sequence accession number
The Pseudoalteromonas sp. AG52 -agarase nucleotide sequence was submitted to the NCBI database with accession number FJ979637.
RESULTS
Identification of the agarase-producing bacteria
Initially, agarase-producing marine bacteria were isolated from selection plates showing clear zones. 
Cloning of -agarase from Pseudoalteromonas sp AG52
The partial agaA sequence (651 bp) followed by full length sequence was amplified as described in Materials and
Methods. The nucleotide and deduced amino acid sequences of Pseudoalteromonas sp. AG52 -agarase is shown in Figure 1 . 
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Identification of hydrolysis products of the rAgaA by TLC
Hydrolysis patterns of the purified rAgaA against foodgrade agar and neoagarohexanitol (NA6) are shown in Figure   7 . When rAgaA was incubated with agar, two distinct spots namely, NA6 and NA4 were observed on TLC plates at 30, 60
and 120 min after the reaction. Furthermore, the distinct spot of NA4 was observed when rAgaA was incubated with NA6. ), K + shows considerable effect on rAgaA activity, suggesting that the red algae is originating from the marine environment.
It is possible that the reason that Zn 2+ has an inhibitory effect on rAgaA might be the structural alteration of the enzyme due to the affinity of the heavy metals for the SH, CO and NH moieties of the amino acids in the protein.
In conclusion, a marine bacterium Pseudoalteromonas sp.
was isolated from red algae in the Jeju island (Korea) coastal environment. AgaA features homologous catalytic domains belonging to the GHF-16 family, and has characteristic properties indicating neoagarooligosaccharide production. Due to the reported functional properties of the neoagarooligosaccharides (25) when obtained from agar, the purified r rAgaA enzyme has potential for usage in industries for the production of pharmaceuticals and cosmetics. To further advance the research, the crystal structure and threedimensional structure analyses need to be carried out in order to understand the mechanism of the catalysis of rAgaA in detail, and thereby investigate the structure-function relationships of the protein. Since no primary structural and functional characteristics have been reported for Aeromonasagarases to date, the current investigation will be useful for studying the structure, function and evolution of Aeromonasagarase as well.
